It is known that supplementing dairy cow diets with full-fat oilseeds can be used as a 27 strategy to mitigate methane emissions, through their action on rumen fermentation. 28
Introduction 67
Currently there is considerable interest in developing nutritional strategies to reduce 68 methane emissions by ruminant food-producing animals. It is well established that 69 feeding supplemental fat (excluding calcium salts) to ruminants can reduce methane 70 production, both on a daily and DM intake (DMI) 72 g/kg DM) cis-9 18:1 and 18:2 n-6, whereas EL contained the most (145 g/kg DM) 216 18:3 n-3, closely followed by CPLO (138 g/kg DM). Total FA contents of each 217 supplement were 263, 386 and 501 g/kg DM for EL, MR and CPLO, respectively. 218 219 Differences were observed in FA profile of the TMR diets ( Table 1 ). The CPLO diet 220 contained approximately double the amount of 16:0 than the other diets ( Table 1) . The 221 MR diet contained the most cis-9 18:1, whereas the EL diet contained the most 18:3 222 n-3. As intended, including these supplements caused an increase in total FA content 223 of the diet when compared with the control diet (Table 1) . 224
There was no effect (P=0.441) of treatment diets on DM intake (DMI; Table 2 ). There 226 were however effects on intakes of individual FA (Table 2) . Intake of 16:0 was the 227 highest (P<0.05) for CPLO followed by EL. Cows on all three supplement diets 228 consumed more (P<0.001) 18:0 than those on the control diet (Table 2) . 229
Supplementation increased (P<0.001) the intake of cis-9 18:1, 18:2 n-6, 18:3 n-3 and 230 total fatty acids when compared with the control (Table 2) . 231
232
Including oilseed-based supplements increased (P=0.010) daily milk yield. However 233 there were no treatment effects (P>0.05) on milk component yields (Table 2) apart 234 from lactose yield which increased (P=0.009) following EL supplementation when 235 compared with the control. There were no effects of supplements on milk component 236 concentration except for an 11% decrease in fat concentration when EL was fed, 237 compared with control (Table 2) . 238
239
Daily methane production (L/d) was reduced (P=0.012) by 10% by the CPLO diet 240 compared with control (Table 3) , and both linseed-based supplements reduced 241 methane production per kg DMI (by on average 7%; P<0.03) and per kg milk yield (by 242 on average 15%; P<0.002) compared with control. In contrast feeding MR had no 243 effect (P=0.886) on methane emissions. 244
245
Short and medium chain FA concentrations in milk fat were affected by treatment diet 246 (Table 4) . Concentrations of 8:0, 10:0, 14:0, 15:0 and 16:0 were all lower (P<0.05) 247
following supplementation when compared with the control diet, which contributed 248 towards an overall lower (P=0.029) concentration of short and medium chain (<=14:0) 249 SFA. Conversely 18:0 concentration was increased (P=0.001) following 250 supplementation (more so for rapeseed-than linseed-based diets). Despite this there 251 was still an overall reduction in concentration of total SFA when compared with the 252 control diet (average decrease of 8.3 g/100 g fatty acids). 253
254
Oilseed supplementation increased (P=0.008) trans-9 16:1 but decreased (P<0.05) 255 cis-9 10:1, cis-9 12:1 and cis-9 16:1 concentrations (Table 4) Concentrations of PUFA in milk fat were also affected by supplementation. There was 262 an effect of diet (P=0.035) on 18:3 n-3, where EL increased the concentration three-263 fold (to 0.98 g/100 g FA) compared with the control diet (Table 4) . This resulted in an 264 increased (P<0.05) concentration of total n-3 PUFA for EL (and CPLO) treatments 265 (Table 4) . A similar increase was observed in the concentration of total n-6 PUFA 266 (Table 4) , due to increased (P<0.05) concentrations of trans-9, trans-12 18:2, cis-9, 267 trans-12 18:2 and trans-9, cis-12 18:2 isomers after cows were fed the EL diet 268 compared with control (Table 6 ). Increases (P<0.05) were also observed in other 18:2 269 isomers such as trans-11, cis-15 18:2 and cis-9, trans-13 18:2 when EL was fed 270 compared with the control diet (Table 6) . Eastridge, 1994). In addition, stage of lactation/production level can also affect the 300 milk yield response to lipid supplementation, with cows in early lactation or of higher 301 genetic merit being more likely to show positive milk yield responses to 302 supplementation (Grainger and Beauchemin, 2011). In the present study the 303 supplemented diets were formulated to have an increased ME concentration, so as 304 there was no effect of treatments on DMI the increased milk yield following oilseed 305 supplementation can be attributed to the increased provision of energy provided by 306 the supplements. 307
308
The effect of oilseed supplementation on milk composition is also dependent on type, 309 form and amount of oilseed fed. In general, feeding plant oils in their partially disrupted 310 seed form has less impact on milk fat and protein concentration than feeding plant oils 311 Only the CPLO supplement decreased methane production (L/d; Table 3 ). Both 324 linseed-containing supplements also decreased methane yield and intensity, whereas 325 there was no effect of MR on methane emissions. A previous study reported a 326 decrease in methane yield (g/kg DMI) after feeding 750 g oil/cow/d as crushed linseed 327 and canola when compared with a control diet, but no effect was observed with 328 crushed sunflowerseed (Beauchemin et al., 2009). The differences in effects of oilseed 329 supplements on methane production observed in the present study is unlikely to be 330 due to the degree of unsaturation of supplemental oils; intake of PUFA (18:2 n-6 + 331 18:3 n-3) was highest for the EL group, but those of CPLO and MR were comparable. 332
In addition, complete biohydrogenation of 1 mol 18:3 n-3 will only spare 0.75 mol CH4 333 (Martin et al., 2010). It has been reported that 18:3 n-3 has a greater toxicity to 334 cellulolytic bacteria than 18:2 n-6 (Maia et al., 2007), which can result in a shift in 335 rumen fermentation towards propionate, and thus an increase in hydrogen utilization. 336
Cows consuming the EL diet had a higher 18:3 n-3 intake than cows consuming the 337 other supplements, and the milk fat content was lower, consistent with a shift from 338 acetate to propionate in the rumen as observed by Gonthier et al. (2004) . The 339 difference in response between oilseed supplement types could also be due to 340 differences in the carbohydrate contents of the different diets, with the MR diet 341 containing a greater amount of NDF and ADF and less starch than that of the other 342 diets, which can also effect methane yield (Hammond et al., 2015) . 343
A meta-analysis of methane production following different oilseed-supplemented diets 344 suggested that each 1% addition in supplemental fat intake to the diet DM results in a 345 suggesting that in order to achieve a consistent effect on milk SFA at least 500 g/d or 365 more of additional oil should be fed. 366
367
Milk SFA were mainly replaced with cis-MUFA following supplementation, the most 368 predominant being cis-9 18:1. Intake of cis-9 18:1 was highest for the MR diet, and the 369 appearance of cis-9 18:1 in milk is associated with both increased intake and also 370 
CPLO diets in terms of concentration of biohydrogenation intermediates, despite both 392
CPLO and EL being sources of 18:3 n-3. In fact, EL provided over twice the amount 393 of 18:3 n-3 than CPLO in terms of intake (274 vs 128 g/d). In addition, the calcium salt 394 preparation would have afforded some degree of rumen inertness for CPLO PUFA. 395
396
The main objective of the present study was to demonstrate whether oilseed 397 supplements fed at a commercially practical level have an impact on both methane 398 emissions and milk FA profile. A previous study involving the same supplements fed 399 at a slightly lower level reported modest but significant improvements in milk FA profile, 400 
